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ABSTRACT 


This research is am investigstion of the effects of 
imstruction set on tracking rarformance,. Two sets of 
imstructionss one emrnasized accuracy while the other 


emphasized sreedy were tested. Number of e@rrorsy time of 
errors and time to completion under each instruction set 
were measured. Frorortionsal error in timer mean time of 
single errors and mean imterval between successive errors 
were extracted amd discussed. Time to completion under the 
accuracy condition was arrroximately four times longer tien 
under the sreed conditions but the mumber and time of errors 
showed no significearit difference between the two 


<Perimentsal comditions. 
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IT. INTRODUCTION 


A. INSTRUCTION SET 

We are continuously xePosed to @ wide variety stimuli. 
A driver sees the traffic shout himsy hears the noise of the 
engines senses the air temrerature,s, etc. Howevers we do not 
react eaually to all the stimuli amPinsginsd uron us at sny 
given time. Our -Frercertions are selective. We would be 
overloaded if we had to attend to every stimulus Present in 
Our environment CHildard et a@l.ex71973). It has heen 
hyreothesized that the nervous system must have some kind of 
redister(e.d.-rsiconic memory for vision or econic memory for 
auditory) where incoming sensory aunformsation is temrorarily 
stored aim 2 rather crude and unanalyzed form (Baron et 
alev1977). Duringa the scanning FProcess»y certain classes of 
sensory inruts can be exrected to have 2 hisher level of 
rertinencey (@.4.% 32 mother will hear her fabs’s ery shove 
the conversation of 2 roomful of reorle). Some sort of 
attention mechanism selects for further rFProcessingdg those 
sensory ainruts thet seem most imeortant or rertinernt. 
Yeterminants of which of many comretinsg stimuli will dain 
Qur attentions are not only rhssical rprorerties of the 
Stimulus like intensity, sizes, contrasts movements, tut 
certain internal variables» such as motives and 

exrectancies. 
In an exrerimental settings instructions serve 35 38 
means of directing @ subJect’s attention(i.e.»s rroducingsg the 


desired oriemtation) to the stimuli and responses of 





imterest to the experimenter. It is 2&8 most important way of 


comtrolling 3&8 SwubJect’s motives and exrectancies. Tellins 
the subdJect what the exreriment is all ahoutsy what the 
subject is to dor and how he is to do it are an essential 
ingredient in exrPerimental research. 

Frorer instruction of exrerimental subJects 15 32 
Prerenuisite to effective research (Lucaccini et 321.1968). 
Clearly, if there 1S Significant variation in the 
instructions given to subJects, the experimental result is 
unreliable. Berstuum & Lehr(1964) compared the rerformance of 
8 control srourp with no special treatment with that of an 
experimental sroure receivins 20 cents for each correctly 
detected sisdnal(rositive incentive), and losing 20 cents for 
each error of omission(nmesgative incentive). The Froasitive 
imcentive sdrour made 98 rercenmt correct detections and the 
negative incentive growure achieved 84 rercernt while the 
control sgrour achieved 746 Percent. Even minor changes in the 
experimental rrocedure in subJect rerformance can lead to 
statistically significant differences. Praser (1 7a3) 
sudsested that the Prresence or absence of the exrerimenter 
from the room im which the subJect was rerforming 2 
Vigilance task. might affect results. In testing the 
hyrpothesis using 3s 60 minute vidilance task» he found that 
With the exrerimenter a2ahsent a mean of 2.17 signals was 
missed» with the exrerimenter rresent this figure fell to 
OS? « 

As susdested abovers numerous rrocedur3al varisblesy» 
including instructions diven to subJects can influence 


Performance. A recommended rrocedure for sood exrerimental 


LO 





comtrol is to write out 2 standarized set of imstructions 


carefully,» and read it or have the subvect read 1t or Flay 
it om 2@tare to the sunJect. Sometimes even the tone of 
voice amd sesture of the experimenter during instruction can 
affect the results. The exrerimenter should let subJects 
know what they are to strive for $: Sreed»s accursceys hothy 
etc. Many experimental tasks are not familiar to subJects. 
Instructions should be written simrelys clearly and directly. 
Following erresentation of instructionss the eaxrerimenter 
should check to ascertain that instructions are understood. 
Only after the exrerimenter 15 sure that instructions ere 
understood comerletly by the subvectsrs should he start the 
exreriment. 

In summary: rerformance on amy task 15 in 2a larse rart 
determined by the “set" or Fredisrosition of subJects. This 
set is rartislly determined 64 abilities brought to the 

xPerimental setting by subjects and im rart determind by 

conditions which “x1st within the experimental settins. 
Freauently, rather subtle factors may imreact on subJects and 

xert a rather rrofound influence on behavior/rerformance. 

This thesis was designed to examine the rossible influence 

of instructions diven subJects in the rerformance of 2 task. 
Madan(1980) in a@ tracking task instructed subjects to 

he 8S accurate as rossible in their performance. Thereforey 
the task based om imstruction rrovided by the exrerimenter 
wWw3Ss tO minimize errors. Given that instruction set may 
influence rerformance it was decided that an attemet should 
be made to assess the effect of emphasizing sreed as orrosed 


to accuracy. If instructional set is csarsable of influencing 


it 





rarfornance by elterins the orientation of subvects», it can 


he rostulsted tiat by eEMFPNSSIZinms sreed With which 
zarformance is to be esccomrlished 38s orrosed to scecuracys, 
more errors should be observed», but subJects should comrlete 


the task im 3 shorter time Period. 
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KR. ACCURACY vs SFEET 
The time reauirec for and accuracy of movements can be 
influenced by 2a number of factors, includinse the distance 
movedy the frlane and angle of movement in relation to body,» 
the manirulation which will be reauired at the end of the 
movements and the incentive for the movement. Orerators can 
be induced to exchanse sreed for aeccuraecy (Cand vice verse) 
hy means of instructions(Fitts21944). Howevery if sreed 
stress is rFushed beyond the Foint of achieving reasonable 
accuracy, rerformance im terms of rate of transmission 
deteriorates raridly. A similar deterioration occurs with 
“cessive emrnasis on accuracsy(Hillix and Coburnms19461), 
Conmrad(1955) susgsests that sreed stress is essentially 32 
reaction on the rart of a Ferson working on 2a task thet has 
the effect of worsening his rerformance beyond what misht he 
expected from the Fhysicel characteristics. An exrerienced 
orerator works 3a near ortimum comrromise between sreed and 


SBCCHUTrSCS. 
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Ce TRACKING 

Tracking cam he considered to consist of the execution 
of accurate movements at the frorer taimeCFoultoms1974), As 
suchy trackingys Like most forms of rerformance consists of 
doings the right thing in the frrorer time frame. In tracking, 
Ferformance 1s generally concerned with resronse execution 
amg therefore rerformance 16 senerallys measured in terms of 
accuracy (Foultonms1966),. Furthers most tracking research has 
concentrated on task centered or machine variables. Task 
centered variahles consist of ehysical reauirements of the 
task itself, diselays configuration» control system design» 
ete. (Adams:19S1). Howevers Adams(19461) has also sussested 
the fact that rrocedural or man-centered variables are also 
ceraehle of influencing tracking rerformance. Sucn variables 
nelude instructions» eractice trials» length of Fractice 
etc, 

Therefore tracking consists of 2 subJect attemeting to 
coordinate his movements, i.e.» control of 3 trackine 
imstrument in terms of the demands made hy se stimulus or 
sere er SeLoOrs Emivolved 2m the tesk and it’s complexity 
inmelude engineering or machine variables and man-centered or 
Frocedureal variables. Ferformance has traditionally been 
measured in terms of the ability of the subJect to track the 
Stimulus with the emehaesis heins rleced om sccuracy. 

The rresent effort is concerned with the effect of 
Frocedurel variahless srecificallsys instructionsys on task 


r€arformsmce. 
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ieee Lola PERCEPTION 

Sensation i183 the rfrocess Dy which stimull are detected, 
Amons 311 the sensory fProcessess vision 18 the most accurate 
anag reliable for the human. Galenmter(1962) roints out that 
one cam see 8 candle 30 miles away on eae dark might. As 
stimuliy light enters the eye by first rassing through 2 
transraremt cover called the cornea and then through the 
PUPLl orenims that is controlled by the iris. These control 
both the amount of light allowed im and the sherrness of the 
focused image within the ese. FPuril size 1S 8 cOmFromise 
hetween maximum sharreness and maximum light entry. PFPuril 
size also varies with emotional states like when males are 
shown rictures of mude females» the Furil exrands (Hess and 
Folt»1960). The lens bends the light rays to focus uronm the 
retina im the back of the eye. The curvature of the lens can 
he changed im accordance with the distance of the obJect one 
wishes to view im the external world. This change 15 
accomplished fy the cilierys muscles, 

Percertion is the rrocess by which @ Frerson converts 
sensory messages imto understandable forms. A visual sensory 
stimulation is maintained in am tlconmic memors(a visual 
sensory storage) for less than 8 seconds and the sran of 
8rrrehension in 3 single glance is no bisgser than five o1ts 
(Srerlingv1960). One cam mot Prolons the life of visual 
information in the sensory storage without using the 
rPrimary(or short-term) memory. The information which 15 In 
the short-term memory is still subJect to decays and 1t can 


be stored in the lonms-term memory by self rehearsal. 


15 





Viscueal rercertion 18 8 caomrlex rrocess that involves 


the interaction between the sensory rrocess and cortex of 
the brein. One cam easily differentiate 3 miniature car that 
is close from 32 real one that 1s further away even though 
the imasdes om the retina are almost the same. This 
rercertual skill relies uronm various combination of cues. 
Although 232 single cue O44 itself may be umreliahble,sy ay 
combining cues we ecsan arrive at an accurate Picture of the 
external situation. 

A man with binocular vision has advantages over 2 mar 
With monocular ? mot only his total visual field is larger» 
s006C«édEH Bt | 6CheE|hC6UCamNhC SECA) OoMmOre at oncery out ~ealso he has 
stereoscoric vision. In stereoscoric vision the two eyes 
coorerate to yield the exreriences of solidity and distance, 
Aman with monocular visions can create a three dimensional 
configuration by using his visual exreriences to imrrove his 
derth rercertion. 

Visual rercertion is oriented toward things rather then 
toward the sensory image. One’s rercertual exreriences sre 
not isolated. A well known obvect 15 Perceived 2s rermanerit 
and stable regardless of illumination. 

The tendency to see an obvect as the same size 
redardless of distance is called size conmstancy,. The fact 
thet an obJect arrears to retain the same rositiony even 3s 
we move shouts is known as location constancy. The tendancy 
to see an obJect’s shere a5 unchansdind regardless of the 


Vv1leW1Ind ansle is called share constancy. 


Percertion is therefore concerned with the manner 7m 
which an inmdividuseal rerceives and interrrets incoming 
16 





Stimuli, Ferformance 1s therefore derendant Wreon tne 


stimuliy visual functioning and ofserver’s interrretation. 
Ferformance can he modified by glterind stimulisy or 
e-rovidingd comditions which will degrade or imrair visual 
funmetioning, or 68 introducing variables which may influence 
an observer’s interrretation of stimuli. Given that stimuli 
and comditions affecting visual funetion remain constants, 1t 
should be Frossible to modifs one’s iunterreretation of the 
stimulus environment and thereby aunfluence bis behavior, 
Instructional set should modify one’s interpretation of 


stimuli and this new interpretation should be reflected in 


Performance. 
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Pen wee TIVE 


This exrPeriment investigated the relationsnir between 
sreed and accuracy with chansing instructions to the 
subsvects. 

The Fresernt effort was designed to examine the 
influence of instruction on rerformance in 32 tracking task. 
As suggested s32bove instructions served to orient the 
Orerator’s attention and/or rercertion of his environment, 
In tracking the emphasis has traditionally been Frlaced on 
the accuracy with which 3 subvect can track 2 stimulus inPut 
With the inderendant variahble(s) mormally being machine 
Oriented. Madan(1?80) examined Frerformance on 2 tracking 
task in which his instructions were accuracy oriented, 

The current effort will durlicate Madan’s study with 2 
maJor change in the fFrocedural variables of instructions 
erovided to suwhJects. Srecifically where Madan instructed 
subJects to rerform as accurately as rossible,rs the Fresent 
study comrared amstructions to the suhvect emrhasizins 
accuracy and sreed with which subJects were able to comrlete 
the task. Results should indicate the impact of the 


Frocedursal variables of instruction on tracking rerformance,. 
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III. METHODOLOGY 


As stated earliers the goal of this exreriment was to 
comrsare tracking rerformances under two agifferent 
instructional setsy one e@mrPhaslzing sreedys the other 
emPNSsizins accuracy. The results of the task were evaluated 
by mumber of errorss duration of total errors and the time 
to comreletion. The task was to move 3@ Frohe between two 
Suard rails and an Wnderlying meshboard. Any touch of the 
Probe to 8 guard rail or meshboard was counted as arn errors 


and it’s duration was measured, 


A. TEST SITE AND SUBJECTS 

The exreriment was rerformed in the Man-Machine System 
fesigm Laboratory at the United States Naval Fostsraduate 
school ain Montereys, California. Nineteen military male 
officer students at the School served as sublects. All were 
volunteers from amons associates of the exrerimenter. No 
FOSitive external reinforcements were Siveny Out all the 
sumbvects showed eagerness to Frarticirate. Their ages ransed 
from 28 to 40 with an average of 34.4- None of the subvects 
was known to have mental or Physical disorders, None had 


Previously rerformed 3 tracking task of this mature. 


R. AFFARATUS 
The tracking arraratus(see Figd.1) was Placed on 3 black 
tedle tor in 3 sound attenuated booth(see Fig.2). The track. 
BPParatus was connected to 3a Tisgitsal FOFS/E Laborotorys 


Comeuter which counted the mumber of errorssy measured the 


iS 








Se EY 


fa 
2 


WH 


SS 
SSK 


TS SS x 
SEQ 
SERENE 


SGV MSC 
OS 
SS peas WQ GGG S. Se 


XK ae ns 


OK SS: S x RX Re ~ 
So RES SON 
, SEK « Xs \ WAV RC 
Ss nS = 3 \ ET Y yy 
SO) eee CE 
: x QE DLE TT COREE SOE 
: WS e: SRN 
SS \ . ss . 
Se," “3 a ea xt = " \ 
KS 
SSS LLL 
PLP: 
WE 


“a 





APrareatus 


Figure 1, 





e 2, Test 


lgdur 


E 





20 








duration of errors and time to completion. Evers suhuect was 
instructed to touch both the start Froint when 3 trisl was 
commenced amd to touch the end roint when the trial was 
completed. Start and end roints consisted of contacts which 
Would alert the computer that 3a trisl nad hegun or ended. 
The computer could recognize and count any touch longer 


than 14 mano-sec(1.4E-10 seconds). 


C. PROCEDURE 

All subJects were tested aindividuallys. The test times 
were arranged at the subJect’s convenience, Test trisls were 
serersted hy 3O minutes to rrevent interection between 
rParticirants., Latin sausre techniaue was grrlied to essign 
the seauence of sreed and accuracy condition. 

1. Before starting the exreriments each subvect was asked 
whether there were any factors of which they were sware 
which could influence the results. 

2, The instructions were diven to each subJect to read. 
After reading the instructions they were allowed to ash ary 
auestions of the exrerimenter.(See Arrendix &) 

3S. All subJects were allowed two rractice trials. 

4, The first test run was rreceded by the the instruction 
"This time your goal is to do the task as FASTCor 
ACCURATELY) as you can." 

The second test run was rreceded by the instruction "Now 
your go3l is doing the tracking as ACCURATELY(or FAST) as 


you cam." 


Zu 





5S. After comrletion of the exrerimenty» esch subvJect was 


asked if he nad any comments. 


Ite MEASURES 
All dstsa were collected and me&agsureg by means of the 


FOF ,.,S8/E laboratory comruter, 


Measures included ¢ 


1. Number of Errors(NE) (1.86% the mumber of times the 
Frohe touched the rail or mesh) 

2» Time of errors(TE) (1.@-r the cummulative duration of 
touchins the rail or mesh) 

3. Time to comrletion(TC) (1.e.» the total traverse time 
between the start roint send the end Foint) 

4. Mean time of single error(MTE) (1.e.% the time of error 
divided oy mumber of errors? 

4» Mean interval between error(MIE) (1.e@.» the time to 
completion divided by number of errors) 

6. Frorortional error in time(FE) (1.e.» the time of errors 


givided by time to comrletion) 


The followings gcronyums were wtilized 3 


NES 


cee 


Number of errors(NE) im sreed condition. 


NEA 


ce?¢ 


Number of errors(NE) aim sgcecuracs comdition. 


=<4 
mM 
(3) 


Time of errors(TE) im sreed comdition 


— 
rr 
D> 


Time of errors(TE) 1m accuracy comdition 





TCS 


TCA 


MTES 


MTEA 


MIES 


MIEA 


ces 


FEA 


>; Time to comreletion¢tTC) in sreed condition 


$$ Time to comrletion(TC) in agecursacy comdition 


>; Mean time of single error(MTE) in sreed condition 


Mean time of sinmsle errorc(MTE) im securscy condition 


oe 


Mean interval between errors(MIE) in sreed condition 


+e 


Meam interval between errors(MIE) in gcecursacy 


?¢ 


+ Frorortionael error¢tFE) in sreed conmdition 


; Prorortionsal error¢tFPE) im sgecuracy comdition 


ANALYSIS OF DATA 


An examination of the data revealed that rarametric 


techniaues could mot be a@rrlied, even after attemrts to 


transform the data. Therefore nmom-rarametric techmiaues were 


arrlied,. Im order to determine the effect of different 


imstructions,s the Wilcoxom Matched-rairs Sisgned-ranks Test 


W38sSs @Frlied to the data obtained under two instructions 


emphasizing Sreed or Accuracy(Siesel,»1934). Since N wes 


@lways 19» the critical region was T#46 at sismificsance 


level o&=0.05. (see AF PENDIX.E). 
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IV. RESULTS 


The analysis of data showed the following results 3 


A. NUMBER OF ERRORSCNE) 
Sameling distribution and statistics of obtained mumber of 


errors are shown im Fis. 3 and Table I. 
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SUBJECT HO, 


FIGURE 3, MUMEER OF ERRORS 








Table I. Number of Errors(STATISTICS) 
Be 
_ NES NEA | 
f MEAN Seiad 64,8 | 
VARTANCE 673 110 
Oe, cis 7 oa, 3 
| MEXIIAN 49? oe 
._ TRIMEAN , oF 
MIITIMEAN ores 62. 
RANGE 88 128 
MI0 RANGE 62 79 
COEF. SKEWNESS feos Of im 
COEF. KURTOSIS | -1,.08 __--0.47 


os 
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Hyrothesis Test 


Ho +: flifferent Instructions have mo differential effect on 


mumoder of errors, 


Hi > Bifferent Instructions 


(NES#NEA) 
The comruted T 


critical region. 


Tlecision;s Accert Null Hyrothesis 


The comelusion 15 


mumber of errors 


imstruction. 


Table II, 


SUES, HO eager 
i 104 
4 ae 
S 6S 
A Le 
is) yo 
& za 
Z 783 
gS 4Y& 
fi 34 

10 30 
el 54 
ee AS 
V5 AS 
14 ay 
eS on 
14 oS 
4 AD 
Ls eee 
1S 1 


tnat 


sreed 


104 


B84 


oi 


20 


45 
86 
36 
1 
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(NES=NEA) 


Jua(Table 


there 


ACTF AC T 


nHeve 


II> and 


1s mo 


condition 


differentisl 


1t was 


difference 


arid 


Number of Errors(TEST) 


effect, 


out of 


between 


accu ac & 


(error rer traverse) 


MiP RE BE TC 





FARK (IN) 


i9 


+7 
+12 
ies 
is 
Ta) 
+15 
14 


FAR TIAL SUM 


T=55 








Peer ime OF ERRORSC(TE) 


S3amrlinsg distribution and statistics of the cumulative 


durations of errors sare shown in Fis.4 and Table III. 


(@ZSFEEL, +SACCURACT ) 
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SURJECT HO, 


FIGURE 4, TIME OF ERRORS 
pian 206 cn ee 


Table ITII. Time of errors(STATISTICS) 







MEAN 
VARIANCE 
STD DEV. 
MELIIAN 
TRIMEAN 
MIDIMEAN 
RANGE 
MIDRANGE 
COEF. SKEWNESS 
COEF. KURTOSIS | 8.42 — -1,.18 | 













Hyurothesis Test 


Ho : Bifferenmt Instructions have mo differential effect on 


Cumulative time of errors. (TES=TEA) 
Hi $ Different Instructions have differential effect, 
(TESAHTEA) 


The comruted T was 83(Table IV)» which failed to sallow for 


rejection of the Null Hyrothesis at sisgmificanmce level of 


OO. 
[lecisiom $ Accert Null Hyrothesis. 


The conclusion is that there is mo difference between 


cumulative time of error with sreed instruction(TES) and 


accuracy instruction(TEA). 


Tahle IV, Time of Errors(TEST> 


(secomdgd rer error) 








eeu) Xs.) | ti) SF EE ES Us OCECURACY LIFE EE rCE Pierre ¢ Ct) PAr: T DAL. tlm 

i 476 Se) ese & 

2 4.9 6.01 “1 ae et 

3 | 3.63 4,84 mel eo | 

4 2.49 7 OTT. oe GS 13 } 

5 4.01 4, “0,459 ao 

& 7 +3 6-.O1 11.8 1 i338 
7 | 4.81 3,2 1.53 8 | 

9 | 3.44 ay eaees sete? | 

10 | ad 3,59 =, 17 at ! 

ut ! ee MT 279 16 

12 | Say, 0.96 2.71 i 

13 : 5.75 ge 72.45 Ses 

14 ! 1s ei “0,598 ae 

15 3.96 2a es ia 10 

1é 6.26 aoe 2,45 14 

V7 3.97 TE, Seas Tie 

18 Soe 2 132 7 

19 3,09 2,24 0.83 3 
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foeeme TO COMPLETIONC(TC) 


Samrelinsg distribution and statistics of Lime to 


comreletionm are shown in Fis. & and Table V, 
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SUBJECT HO, 


FIGURE 5, TIME OF COMFLETIO? 


Table V. Time to comrletion(STATISTICS?) 







MEAN 
879 1802 








VARIANCE 

STO DEV, ye, 42.4 | 
MEDIAN 14.3 O14 7 
TRIMEAN 17S 64.4 
MIDIMEAN 2O C243 
RANGE 

MIDRANGE 







COEF SKEWNESS 
COEF KURTOSIS 
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Hyurothesis test 


Ho ; Dafferent Instructions have no differential effect on 
time to comeletion. (TCS=TCA) 
Ht >; Qiafferent Instructions have differential effect 


(TCS#TCA)D 


Computed T was O(zeroy Table. VID» indicating that every 
subject had 32 larger TCA than TCS. 
Llecisionm + ReJect Null Hyrothesis. 
The conclusion 1s that the time of traverse(comeletion) 
im @g8eccursey condition is srester than thet of sreed 


conmmaition. 


Table VI. Clee Oo CORRE LON TEST 


(second rer traverse) 
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Sole te Er Lt ACCURACT OTE REREMCE RAR K (TM) 
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QO. MEAN TIME OF SINGLE ERRORCMTE) 
The Mean time of single Error was extracted by the 
total time of error(TE) divided by the total number of 
errors(NE) (MTES=TES/NES amd MTEA=TEA/NEA). 


Samrlinse distribution and statistics sere shown in Figs. 6} 
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SUBJECT HO, 


FIGURE 6, MEAHM TIME OF SINGLE EREROF: 


re reise, 


Table VII. Mean time of Errorc(STATISTICS) 


MEAN 0.087 
VARTANCE 0.00245 


0.0665 
0.0003 


STO DEV, 
MELIITAN 
TRIMEAN 
MIDMEAN 
RANGE 


MITIRANGE 
COEF SKEWNESS 
COEF KURTOSIS 


0.0495 
0.90667 
0.90726 
0.0746 
0.206 
0.148 
2+O2 


7a, 


0.0175 
0.0651 
0.0663 
0.0666 
0.0653 
0.0657 


—Q o 0446 
—Q ° 778 











Hyrothesis Test 


Ho $ MTES=MTEA 


Hl = MTES#MTEA 


ComePuted value was T=50, which 1s out of the critical 


resion(Tatble VIII). 
Decision $: Accert Ho. 


The conelusion is that the aversade duration of sinsle 


error(touch) w3as same between sree exPeriment(MTES) and 


BCCUTrBcy exrPeriment(MTEA). 


Table VIII, Mean time of single error(TEST) 


(Second rer Touch) 


SUE, HO SFE EX ACCURACY DIFFER EHMCE FARK () FAR TIAL Sum 

| 

i 0.0449 0.0331 0.0118 4 

2 0.05463 Onion 0.0143 zi | 

3 0.0558 O76 ZO.OOtsz 4 | 

4 0.138 0.0984 0.04 15 7 

5 0.0508 Oye —sOmO2Os 11 | 

4 OS 0.0599 0.181 19 | T=50 

7 OnmOGd 7 O07 St. won. Samm 6 | 

g ORO567 0.0481 0. Cis 9 | 

9 Oralot OL On4 Ono 7 14 | 

10 OnO4Ay 0.0651 SOROS tweet = | 

1 Ont 2 0.09 O..0225 13 | 

12 0.0853 0.064 0.0213 12 | 

13 0.0833 0.0639 0.0194 10 

14 0.0492 0.0905 “0.0413 "164 

es 0+0639 0.0605 0) COE S 

14 0.0659 0.0847 —90,0188 9 

17 0.081 0.0729 0,00811 3 

18 Oea4 0.0556 0.0888 18 

19 0,0997 0.0443 O,0594 17, 


a) 











E. MEAN INTERVAL BETWEEN COMMITTING ERROR(CMNIE)D 
The mean interval between error(MIE) was extracted hy 
the time to comeletion(TC) divided by number of errors(NE) ~» 
such that MIES=TCS/NES and MIEA=TCA/NEA. Samreling 
distribution and statistics sre shown in Fisd. 7 and Table 


IX, 


(OZ; SFEELDy, +2 ACCURACT ) 


SECOré«L 
1.8 ‘ 





SURJECT HO, 


FIGURE 7, MEA TRTERVAL KETWEER TOUCH 


Table IX. Mean interval between error(STATISTICS) 





Mees MIEA 
MEAN 0.618 197 
VARTANCE 1.090 6.36 
STn DEV, 1.04 ee 
MELILAN One? 0.925 
TRIMEAN 0,364 ee 
MIDIMEAN O76 fei 
RANGE 4.59 8.77 
MITIRANGE oA 4.64 
COEF SKEWNESS ores ee 


a2 








Hyrothesis Test 


Ho ¢ MIES=NIEA 


Hi ¢ MIESFMIEA 


Comeruted value(Tsable.xX) was T=O,» such thet every subvect 


showed that MIES < MIEA. 


[lecisiom ? ReJect Ho. 


The conclusion is thet everesge imterval between committing 
errors im time with sreed experiment (MIES) was smaller then 


thet of eccurecy exreriment(MIEA). 


Table X,. Mean imterval between errors(TEST) 


(second rer touch) 






FAR TIAL SUM 





ACCURAC T 





ULFFERENCE RAK (I) 









1 Ons Onser a8) pales l 
2 0.0678 0.253 “0.185 3 

x oe? On 517 = One a 

4 0.0389 0.784 “0.745 dee 

5 Omi? 0.644 “0.445 é 

E 276 0.925 —-0.4649 10 T=0 
7 1.59 3.75 aa le 

g ieee 2.59 ere 15 

9 0.0527 0,454 aOR On 5 

10 0.0884 0.57 “0.482 7 : 

11 0.468 tec SOR 9 

12 3.48 Sey “4.9 19 | 

13 0.0882 (eOW7 “0.985 13 | 

14 5.38 SOe meen) 18 | 

15 a i726 “0,289 4 

té Oe 2Os “1.05 14 

17 OnOgG7 Oe “0.5554 3 

13 0.112 is Se es 
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FF. FROFORTION OF ERRORCFE) 
The rercent of errors in Cumulative time was extracted 
Oy the time of errors(TE) divided by the time to 
comeletion (TC)» such thet PES=TES/TCS amd FEA=TEA/TCA. 
sameling distribution and statistics of Frrorortional error 


are shown im Fis. 8 and Table XI. 


(COFSFEEL, + F7ACCURACT ) 





SUBJECT HO, 


FIGURE §, FROFPORTIOMAL ERROF: 
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Table XI. Frorortional error(STATISTICS) 


MEAN 

VARTANCE 

OTD DEV, 
MEDIAN 
TRIMEAN 
MIDTIMEAN 

RANGE 
MIDRANGE 

COEF SKEWNESS 
COEF KURTOSIS 
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Hsrothesis Test 


Ho 3; PES=FEA 


Hi $ PES#FESA 


ComPuted value was asain T=O0(Table XII)» such that every 
subuvect recorded FES:FEF, 


Hecision * ReJect Ho. 


The conclusion is that the Frorortion of error under the 
sreed instructions (PES) was sreater than thet under the 


accuracy instructioms(PEA). 


Table XII. Frorortional error(TEST) 


(rercent) 





SIJES , HO SPEE Ts ACCURACY OLEFFERERCE FraArtK (2) POR TTAL Gum 
1 14.46 7 5.82 b 
ie 50.4 14+ 344 se 
3 25,4 152 Tae 7 
4 nee 12.4 63.6 13 
5 33,9 ced A eeire e 10 T=0 
FS Zoe os 67.5 17 
7 . 2,08 ele 3 
3 Fea 1.86 96 4 
9 63.9 15.4 47.4 15 
10 29 do 4 LS 9 
a ae 9.15 kaye 11 
L2 Va 4 0,774 5025 = 
13 43.93 5.95 37.9 13 
14 aos 1 0.0429 1 
iL &, 78 Zu 4q4 3.29 2 
14 14,2 4.198 Oise! 3 
i, 60.2 11.64 43.4 Ld 
18 77.9 2,91 75.1 19 
14 


1S. A359 cae 40.4 











V., SUMMARY OF RESULTS 


A. NUMBER OF ERRORS(NE) 

Slightly more than half(10 of 19 subvects) recorded more 
errors during the accuracy exreriment(med ¢ 49 errors) than 
trials emphasizing sreed(med $ SS errors). However there was 
no statistically significant difference between the mumber 


of errors im the sreed exreriment and eccursacy exreriment. 


Re. TIME OF ERRORS(TE) 

Half(10 of 19 subJects) recorded longer accumulated time 
of errors wnder sreed emphasis(med ¢$ 3.75 sec) than sccurecy 
emrhasis (med Si 2eosal sec), The difference was not. 


statistically sisgnificarit. 


Coe ame TO COMPLETIONCTC) 


+ 


The completion time of accuracy Pportion(med $ 61.9 sec) 
W3S BFProximately four times that of sreed emrhasis(med 3; 


14.4 sec), 


tite MEAN TIME OF SINGLE ERRORCMTE) 

The mear time of single error under the esccursecy 
emphasis(med ? 0.065sec) was shorter than that of sreed 
Fortion(med $ 0.074 sec). But the difference was not 


statistically significant. 


E. MEAN INTERVAL BETWEEN ERRORS(MIE) 


The average interval between committings errors in 
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escceurscs rortion(med ° 0.739 sec) W3S BFrroximately four 
times that of sreed exreriment(med ; 0.204 sec). THis 


difference was statistically significant. 


F. PROPORTION OF ERROR(PE) 

The average Frrorortional error under the sreed 
emrhasis(med :; 38.8 rercent) was arrroximately five times 
that of the Prorortion errors under the eccurscy 
emrnasis (med : Vay rercernt). This difference W3s 


statistically significant. 
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VI. DISCUSSION 


The results imdicated thet under the accuracy 
conditions sudvects took roughly four times longer to 
complete the task than under the sreed conditions. Neither 
number of errors mor accumulated time of errors showed 32 


Significant difference between the two conditions, 


Craik(1948) assumed that the sreed of 38 continuous 
rerformance was limited by timesy first to observe and 
decide uron the correction for misalignments (Cresronse 
initiation time)» and seconds to carry out the correction 
(time of movement or correction). 

(3) When actions have to be carried out meticulously and 
the display is staticy subJects may well monitor the end of 
movements as well as earlier sismificant roints (accuracy 
exreriment). This extra monitoring increases tne total time 
of successive resronses. 

(b) When the action does not have to be 2s rrecise(sreed 

xPeriment),»s, the extra monitoring time is likely to be 


eG@limineted» and the sreed of rerformance will be reduced. 


Furthersy in 2 key frressing tasks» Davis(1956) observed 
thet resronmnse 3ccursacys w3as imcressed if subvects did not 
monitor rerformance, The suggestion was that observer’s 


attention may im fact aiunhibit the resronse  dimmension 


actually being sought. In the rresent task» it can be 


POostulated that this same rhenomensa may have actually 
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degraded rerformance 38s orrosed to improving it es would 
Imtultively have been exrected, 

It was observed thet 3; 

1. Tne sreed of the moving Frrobe in the sreed exreriment 
(3.39 cm rer sec) was faster than eccuracy exreriment(1,.94 
cm rer sec). This assumes 32 constant rates of travel through 
the exrerimerit. 

2» Uurins the sPreed xPeriments the subjects did not 
concentrate their efforts on minimizing errors but on time 
to complete the task. Ferformance suggested that subjects 
continued to allow the probe to touch the rail or mesh. This 
Practice allowed them to minimize the time reauired to 
comrelete the task. It can be hyrothesized that this strategy 
of touching the Frrobe to the rail or mesh reduced the 
orrortunity for subJects to commit additional errors. 

LF Turing the eaccurascys rortion of the exeriments most 
subuects storred their frohe to correct any error/touch. 

This Fractice may have contributed more errors Hy Frovidings 
additional orrortunity for error/touch commission. 

4, Furthery several subJects indicated that tremor 
imfluenced their rerformance during the accuracy rortion of 
the experiment. No subJectrerorted tremor during their sreed 
trials. Yons¢1933) sugsested that attempts to control tremor 
usually essravates the condition. Thereforesy im the rresent 
Studys the contribution of tremor may have led to desraded 
Performance im the accuracy condition. That 15% instructions 
and resulting subject orientations may have actually served 
to degrade performance on the accuracy dimension. It can be 


Postulated thet the factors susdsgested above combined to 
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rroduce a desradstion Gir Sree and mo Lmrrovement Lr 


eceurscy on the task emrhasized im the rresent exreriment. 
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VIT. CONCLUSIONS 


It was concluded that : 
ts There was mo differences in the mumber of errors or 
the sccumulsated time of errors between the results of the 


speed experiment and the sccuracy experiment. 


eS . There was signmificsnt difference im time to completion 


between the sreed experiment and the sccurscy exreriment. 


De Frorportional errors im durations of touch showed 3 
Sidgmificant difference between the sreed experiment arid the 


accuracy experiment. 


ro Attemets boy subJects to maximize sccursacy actually 


seemed to imrsair their sbility to reduce errory while 


Ssimultsameously increasing their time to complete the task. 


Thereforey in the frresent task,» instructional set desraded 
the rerformance dimensiomss the instructions were sctually 
attemrting to enhance. This condition cany in Farts be 
attributed to the develorment of rerformaence strstesies 
which may have served to increase the orrortunity to commit 
errors and the rroduction of tremor. These two conditions 
SsrPrPsarently worked in Orrosition ve the BcCUPracY 


instructions. 
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AFFPENIIIX A 


INSTRUCTION 


The most general goal of 2 tracking task is comrletion 
of the task in minimum reriod with minimum error. 
This exreriment 1s desisned to comrsare the result of an 
exrerimental tracking task with speed and with rfrrecision. 
Read following imstructions carefully and ask auestion to 
the exrerimenter if there is. 


1. Your task iis to guide the rrobe throush tne wires from 
the start roint to the end roint. 


2e Hold the elastic handle of the rrobe where ever you 
feel comfortable. 


more The tracking hand and arm should not rested om the 
table or the test bosrd. 


4, The Probe should not touch the wires or the mesh below 


thems wnless it will make errors and counted hy the 
COMPFIICET. 


S- Towucn the start roint when vow start 3 run. Completing 
the runmy touch the end Pointy immedistely. 


Ss Your exreriment is comrosed of two runs > one 18 8 
sreed experiment sand the other is an 38ccuracy exreriment. 


Ze You cam neve wrreliminaery trials ur to two runs. 


a If you nave any auestioniy 3sk the exrerimenter by your 
words . The emrerimenter will snswer “YES’ or ‘NO’ only. 


7. lf vow have no auestions any morey wait the startins 
signal from the experimenter, 


0. ( >) Your first run is 8 sreed exreriment. Speed 1s 


very imreortant. To it as fast 8s you can. 
( ) Your first run is 8m sccurscy exreriment. Accuracy 


1s very imrortent. Do it gags saccurstely as rossible,. 


oie, ¢ ») Your second rum is an accuracy exreriment. 
Accuracy is very imrortant. [lo it as accurately 8s you can. 
( ) Your second run is 3 sreed exreriment. Sreed 15 
very important. To it as fast 385 you can, 


12, Flesse tell the exrerimenter any comment if you have. 
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PERMEKITH 


MES 
hE A 
TES 
TEA 
TCS 
TCA 





ioe w 


ii ol 


RAW DATA 








HEA TES TEA Tes TCA 
104 4,768 3+44 Soe 44.4 
143 4.9 6.Ol 9.69 3602 
84 3+ 63 4.84 14.3 266 
79 2+ 49 Tid 7 3.07 61.9 
56 4,01 4.7 Livic 42.9 
84 17.8 6.01 2o+9 79 +6 
42 4,81 Bae 64.8 ei 7 
a S07 1.54 eae 82.4 
102 344 7097 io 46.3 
OO 1.41 Sc 4.86 31.4 
49 Uo 4,41 Oe wr J4,1 
15 3+67 0.96 ik 124 
97 ed 6.2 8.56 104 
20 Te I ieitl fice 181 
40 3 +96 2+ 42 JI3.9 70.4 
43 6+26 oo ca 44 ene 
86 35097 6027 6+46 94,2 
36 O.52 = 4,26 Us er 
Jl 3+909 eco Gy7 35 40.4 
HUMBER OF ERRORS It SFEED EXPERIMENT 


HUMEER OF ERRORS It ACCURACT 


CUMULATIVE TIME OF 
CUMULATIVE TIME OF 
TIME TO COMFLETTIO? 
TIME TO COMFLETIO?N 


TOUCH TH SFEEL 
TOUCH Ih ACCURACY 
Ie! SRFEED 
Tit ACCURACY 
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EXPER IMEMT (SECORD ) 


(SECOND) 


EMPERIMENT (SECOHE) 
(SECONE) 
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ppendix C 
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Errors 
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“SPEED | 
MEAN 54.2 
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ae 
VAR 0.002. 
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COMPARISION OF RESULTS AND CONCLUSIONS 





+CONCLUS ION 
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APPENDIX 


WILCOXON MATCHED-PAIR SIGNED-RANK TEST CPROCEDURE ) 


1. For each sudbJect’s result,» determine the signed 
difference (I) hetween sreed exreriment and accuracy 
exreriment,. 

2» Rank these Il’s without resrect to sign. 

3. Affix to each rank the sisgm(t or -) of the D which eat 
rerresent. 

4, Determine T=’Number of The smaller sums of the 
like-signed ranks’. 

Ss Ry counting, determine N=’The total number of OD’s 
having a sign’. 

6+ Comrare T with the critical region with AFPENDIX.F 
having N. 


(Siegel»195S6 rage 83) 
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Ser enolx F 


Talon OMeG mittecailevaluecn ot I in the Wilcoxon 
Matched-pairs Signed-ranks Test 


Level of Significance for one-tailed test 


Level of Significance for Two-Tailed test 


—— te -—o 


OS -02 Poa: 
6 0 - - 
7 2 0 = 
8 4 2 0 
9 6 5 2 
10 8 5 3 
ial oe 7 5 
ibZ 14 HO 7 
3 iA is 10 
14 21 16 1s 
5 he's 20 16 
16 50 24 20 
7 25 Ze 23 
18 40 a5 28 
19 46 38 He 
20 52 43 38 
21 59 49 43 
Ze 66 56 Lg 
2 73 62 55 
24 81 69 eal 
a) 89 Ca 68 


(Siegel, 1956) 


N was always 19 (no pair of data showed tie) 
and Critical Region was T¢46 at significance 
level Q=0.05 (Two tail test) 
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